The California tiger salamander (Ambystoma californiense) is endemic to California and geographically isolated from other North American ambystomatids. Populations of this species have declined in recent years, and A. californiense is listed as a "species of special concern" by the state of California and as a Category I species on the federal Endangered Species List (Sorensen, 1994) . The most important threat to the California tiger salamander is habitat loss and fragmentation, especially due to urban development and conversion of its habitat to agriculture (Sorensen, 1994) . Other threats include predation by introduced species such as fish and bullfrogs (Rana catesbeiana), vehicular-related mortality especially during breeding migrations, and rodent control programs (Sorensen, 1994).
The California tiger salamander is found in the Central Valley and adjacent foothills and coastal grasslands (Storer, 1925) , an area with a Mediterranean climate of cool, wet winters and hot, dry summers. It inhabits primarily annual grasslands and open woodlands of the foothills and valleys (Stebbins, 1985; Barry and Shaffer, 1994) . California tiger salamanders are rarely seen except during their nocturnal breeding migrations which begin with the first seasonal rains, usually in November or December (Storer, 1925; Barry and Shaffer, 1994 ; Loredo-Prendeville, 1995). Breeding sites are usually ephemeral ponds that fill during winter and may dry by summer. Larvae grow rapidly; metamorphosis begins in late spring or early summer and is followed by the departure of juveniles from their natal ponds into terrestrial habitat (Storer, 1925; Holland et al., 1990; Loredo-Prendeville, 1995) .
Terrestrial habitats used by the California tiger salamander are unknown. Ambystomatids in general are The California tiger salamander (Ambystoma californiense) is endemic to California and geographically isolated from other North American ambystomatids. Populations of this species have declined in recent years, and A. californiense is listed as a "species of special concern" by the state of California and as a Category I species on the federal Endangered Species List (Sorensen, 1994) . The most important threat to the California tiger salamander is habitat loss and fragmentation, especially due to urban development and conversion of its habitat to agriculture (Sorensen, 1994) . Other threats include predation by introduced species such as fish and bullfrogs (Rana catesbeiana), vehicular-related mortality especially during breeding migrations, and rodent control programs (Sorensen, 1994).
The California tiger salamander is found in the Central Valley and adjacent foothills and coastal grasslands (Storer, 1925) , an area with a Mediterranean climate of cool, wet winters and hot, dry summers. It inhabits primarily annual grasslands and open woodlands of the foothills and valleys (Stebbins, 1985; Barry and Shaffer, 1994 (Gordon, 1968) or not (Semlitsch, 1981) . These studies suggest a widespread commensal relationship between Ambystoma and small mammals, providing reason to expect such a relationship with the California tiger salamander. Use of ground squirrel burrows by California tiger salamanders has been suggested (Storer, 1925; Fitch, 1948 ), but verification is limited to one anecdotal account (Storer, 1925) . Such a relationship would have important conservation implications because California ground squirrels, Spermophilus beecheyi, are considered a pest species, and numerous control programs are aimed at reducing or eliminating local populations (Marsh, 1987) . Our purpose was to quantify habitat selection, migration distances, and movement rates of California tiger salamanders.
The study was conducted at a pond at Concord Naval Weapons Station ( Salamanders were captured with a drift fence and pitfall traps as they left the pond. Traps were checked every night in the summer and every rainy night or at least every other night during the winter. After capture, one to five salamanders per night were chosen at random to be tracked. The number of salamanders tracked per night was limited by logistical constraints. Salamanders were in traps usually <4 h before being released. Weather conditions during tracking varied during the study. Salamanders were placed on the outside of the fence and visually tracked by moonlight or with an intermittent flashlight beam until settlement. Salamanders did not seem disturbed by this method of tracking (Gordon, 1968) . We defined settlement as when a salamander vanished below ground or underneath a surface object and did not emerge for at least 15 min. Each settlement site was characterized and the linear distance to the pond's edge was measured. Soil crevices were deep cracks in the soil surface that formed as the clay soil dried. Distance measurements were normalized by squareroot transformation prior to statistical analysis. Movement rate of each salamander was determined by dividing the linear distance from the release site to the settlement site by the time elapsed in travel.
Ground squirrels (Spermophilus spp.) can be predators of various vertebrate species, including am- (Table 1) . Juvenile salamanders also settled most often in ground squirrel burrows. Unlike adults, however, many juveniles settled in soil crevices (Table 1) . Juveniles and adults differed significantly in proportional habitat use (X2 = 31.28, df = 2, P < 0.0005; habitat types besides ground squirrel burrows and soil crevices were combined to increase expected frequencies). Juveniles usually entered the first burrow or large crevice they encountered, whereas adults often passed by crevices or burrows en route to their settlement site.
Both adult and juvenile salamanders settled in occupied as well as unoccupied ground squirrel burrows. Use of occupied versus unoccupied burrows was independent of age class (X2 = 0.44, df = 1, P > 0.50), thus data from adults and juveniles were combined. Of the 57 ground squirrel burrows utilized by salamanders that could be unambiguously classified as to occupancy status, 68% were occupied and 32% were unoccupied. Among burrows within 100 m of the pond, 62% were occupied and 38% were unoc- Our results show that burrows of California ground squirrels are an important habitat for both juvenile and adult California tiger salamanders. Because of hot, dry summers, salamanders probably require fossorial habitats, which offer greater protection from heat and desiccation than nonfossorial habitats such as rocks and logs. California tiger salamanders are unusual in that their range includes areas inhabited by no other salamanders (Stebbins, 1985) . Presumably, the climatic conditions of these areas are too physiologically stressful for other salamanders.
Differences in habitat use between juveniles and adults might have resulted from seasonal differences in habitat availability as well as the inexperience of the new metamorphs with their surroundings. With the first few storms of winter, most soil crevices disappeared and were not available to adults. Further, emigrating juveniles lack familiarity with their surroundings and may face physiological stress. Salamanders are vulnerable to desiccation and juvenile California tiger salamanders migrate at night during the hottest, driest season, whereas adults migrate during the rainy season. Indeed, most juveniles migrated during dry weather, whereas most adults migrated during or immediately following rainstorms (LoredoPrendeville, 1995). Thus some metamorphs may seek temporary shelter in soil crevices the first night, then continue moving on successive nights until reaching better quality habitat; alternatively, they may remain in crevices until the onset of the rainy season affords them conditions suitable for further movement. Soil crevices are important habitat for house-mice in Australia (Newsome, 1969) and may serve as important temporary habitat for many small vertebrates.
Physiological stress also may explain the shorter distances moved by juveniles, which are more prone to desiccation than adults because of higher surface area to volume ratios (Semlitsch, 1981) . Juvenile ambystomatids often die due to heat or desiccation stress shortly after emigrating (Shoop, 1974; Semlitsch, 1981; Holland et al., 1990) . Juvenile A. talpoideum also migrated shorter distances than adults (Semlitsch, 1981) .
Migration distances reported here, which pertain only to movements the first night upon leaving the breeding pond, were less than mean distances moved by other Ambystoma that were followed for more than one night (100 to 280 m; Douglas and Monroe, 1981; Semlitsch, 1981) . Thus, migration distances in the California tiger salamander may be several times the average documented for the first night in this study, and settlement sites documented here may be temporary.
Distance distributions for adults and juveniles were similar within 70 m but differed in that some adults moved farther distances (Fig. 1) . Salamanders may move until they settle into the first suitable habitat, potentially explaining distributions skewed toward shorter distances (Murray, 1967) . Adults perhaps move farther because of their near-exclusive use of ground squirrel burrows as well as their previous experience with the area. Adults probably travel faster than juveniles because they are larger and more familiar with their surroundings; adult ambystomatids use the same migration route among years (Stenhouse, 1985 ; Phillips and Sexton, 1989).
Our results suggest a commensal relationship between California ground squirrels and California tiger salamanders in which salamanders benefit from habitat provided by burrowing activities of squirrels. A similar relationship has been found between gopher tortoises, Gopherus polyphemus, which occur in relatively xerophytic habitats, and several species of small vertebrates associated with tortoise burrows, including the rare gopher frog, Rana areolata (Lips, 1991; Witz et al., 1991) . Salamanders showed no avoidance of occupied ground squirrel burrows which suggests that squirrels are not a threat, perhaps due to the toxic skin secretions of salamanders (Brodie, 1977) .
This commensal relationship has important conservation implications because California ground squirrels are controlled on over 4 million ha in California, keeping population sizes as low as 10-20% of carrying capacity (Marsh, 1987) , while the California tiger salamander may soon be in danger of extinction throughout its range (Barry and Shaffer, 1994) . Fewer ground squirrels probably means fewer ground squirrel burrows. Ground squirrels apparently must maintain their burrows, especially during the winter rainy season; once abandoned, a burrow soon collapses. Some burrows that were occupied during summer of 1992 were subsequently abandoned and had collapsed within 18 months. Ground squirrel burrows are important habitat for California tiger salamanders during initial migration from breeding ponds and possibly for permanent habitat as well, although we did not determine where salamanders eventually settled. Reduction of ground squirrel densities would reduce the availability of habitat for salamanders. Further, lower densities of burrows would mean that salamanders must travel farther to locate suitable habitat, potentially increasing the risk of mortality. Complete eradication of ground squirrels could entirely eliminate an important habitat of California tiger salamanders.
